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The present invention relates generally to 
recomteinantly produced proteins in plant cell® and a process 
of transporting such proteins into the endoplasmic reticulum 
of plant coils, where they can subsequently be transported 
outside the cell or deposited in specific intracellular 



in euearyotie colls, the endoplasmic reticulum plays 
a number of important functions. The smooth endoplasmic 
reticulum which lacks ribosomes, provides a site for 
synthesis and aetafeolisu of fatty acids and phospholipids. 
The rough endoplasmic reticulum is studded with : 
which participate in the synthesis of cytoplasmic, 
and organelle proteins as well as in the synthesis of proteins 
to be secreted from the cell. 

In producing a protein, which is to be secreted or 
deposited in a specific intracellular compartment, the gene 
containing the DKA encoding the desired protein is expressed. 
During such expression, mh polymerase activates a control 
region on the gene which transcribes the DH& (i.e. encoded 
information) into messenger mh. Transcription is ended by 
one or more "stop" codons on the gene. The messenger mh is 
then translated into the encoded protein at the rihosomes 
hound to the rough endoplasmic reticulum. During translation 
of the information from the messenger RP&, a growing 
polypeptide emerges from the ribosome, passes through the 
membrane of the rough endoplasmic reticulum, and accumulates 
in its lumen or central cavity* Proteins destined for direct 
transport include a lead signal peptide section, which is what 
directs the protein to enter the endoplasmic reticulum f and is 
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then cleaved from the remainder of the protein after such 
entrance . 

After synthesis, transported proteins in the rough 
endoplasmic retictslum move to the Xtsmen cavity of the Solgi 
complex. In the Golgi complex, proteins and memhrane 
constituents are directed to tlieir appropriate destinations. 
This is achieved fey ensymatically modifying the proteins with 
a *tag« (e.g, f a carbohydrate or phosphate residue) to direct 
them to vesicles which transport the modified proteins outsid© 
the cell (or to intracellular compartments) * 

In plant cells, a variety of natural Xy occurring 
proteins are transported by the afeove-desc.rioed saechanissu An 
example of such proteins are the vied line, the major storage 
protein of developing legume seeds. Vlclllns are synthesized . 
as prapro-vioillns on m«aferane~fe0-und ribosomes of the rough 
endoplasmic reticulum. As prepro-vieHins pass into the lumen 
of th© rough endoplasmic retieultm, their signal peptides are 
removed*, a© recognised fey SUJ.V. Kiggins and D. Spencer* 
"Frecursor forms of Pea Sene Encoding Vicilin Sufeunits , » 67 
Plant Physiol 205-1! (19B1) , which is hereby incorporated by 
reference. Th© resulting peptides nay then undergo various 
post-translational modifications. For example, in the lumen 
of the endoplasmic reticulum or in the Golgi complex, the 
protein may undergo gXycosylation so that it is ready for 
intracellular transport , as recognized by B.S..L. Beevars, 
^Glycoprotein Metabolism in the Cotyledons of Piamm. Sativum 
During Development and Germination, " 57 P 1 a.n.t. .Phyeioi , 93-9? 
(1976) and 1UA. Davey and !sf*F. Dodman, "The Carbohydrate of 
Storage Glycoproteins from Seeds of Pisttm Sativum % 
.Characterisation and Distribution of Component Polypeptides,* 
6 Aust . ' 1 - i L-iol. , 433-47 {1973}, which are hereby 
incorporated by reference. After being directed into ^protein 
todies*' -within the cell , vioxlins can undergo andoproteolytie 
.cleavage to form a wide range of smaller molecular weight 
proteins, as disclosed by H.J. Chrispeels, T,S»V. Higgins, and 
D« Spence , " Assembly of Storage Protein Di.igome.rs in the 
Endoplasmic Reticulum and Processing of the Polypeptides in 
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the Protein Bodies of Developing Pea Cotyledons, « S3 J, Cell 
Biol . 306-13 (19^2)? R,R«D* Croy, 3" «&.» Gatehouse, x.au Evans, 
and D. Boulter, "Characterisation of the Storage Protein 
Subnnits Synthesized m..vitro, by Polyribosomes and MHh from 
Developing Pea {Piaua sativum } , I.* 148 .^Mla±JEIaaiaL «~ 
S6 (1980); R,R,D, Cray, J*&, Gatehous*, I.K- Evans, and 
D. Boulter, "Characterisation of the Storage Protein Snbunits 
Synthesized in vitro by Polyribosomes and m& from Developing 
Pea {Pistffl setivma t>, } , IX, « X4S Vieilln PI ant a 51-63 (ISSO); 

Gatehouse, r.r.d. Croy, H. Morton, M. Tyler, and 
0. Boulter, "Characterisation and Subunit Structures of the 
Sane Encoding vicllin storage. Proteins of Peas (Bisxm sativum 

&yt, tf, gjoo|^». 627-633 ; and D» Spencer and 

T.J.V. Higgins "The Biosynthesis of Legnmin in the Maturing 
Pea Seeds, » i E&£S3muJ&&*. (iaso) , which are hereby 

incorporated by reference. 

In recent years, advances in biochemistry have led 
to the preparation of recombinant cloning vehicles {s*g, , 
plasmids) containing heterologous genes (i.e. DN& that encodes 
proteins not ordinarily produced by the host organism, 
containing that vehicle). Briefly, a heterologous gene is 
first inserted into a closing vector, such as a plasmid, The 
vector is then transfected into the host cells, which are 
thereafter transformed, The tranformed cells then multiply to 
increase the population containing copies of the gene to he 
expressed in the host cell for production of a protein foreign 
to that cell. 

in plant cells, recombinant DMA techniques have been 
utilised to produce, a number of proteins suitable for 
extracellular secretion. 

In J, Beneche et al„, "Protein Secretion in Plant 
Cells Can Occur via a Default Pathway, " 2 The Plant Call, 5i~ 
S9 (l$f0) , the non-secretory enzymes phosphinothricin acetyl 
transferase* neomycin phosphotransferase XX, and #~ 
glucuronidase were secreted from plant cells when targeted to 
the endoplasmic reticulum lumen by signal peptide-ssadiated 
translocation. The signal peptides were derived from gene 
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16 (sFRX) , a protein secreted in tobacco mosaic 
tobacco- isavss-,- and the prepro-peptide of eeerepin B(s 
peptide secreted into the h«*oXy*ph of the insect Hyaiophora 
cecropla. It was found that tee total level of enzyme 

(With the signal 
a) than for unmodified genes which encoded for 
a* 

In P. Lund et al> f "Bacterial efcifciiwa.se is Modified 
and Secreted in Transgenic Tobacco,* Si Plant Physiol,, 130-35 
(1989), a gene encoding for bacterial chitinase and its 
natural signal sequence was cloned in plant cells, Bacterial 
chitinase was ultimately secreted from the plant ceil, 

<3, Xtuxriaga et al», "Endoplasmic Reticulum 
Targeting and GlyeosyX&tion of Hybrid Proteins in Transgenic 
Tobacco,* I The Plant Cell , 381-90 (1SS9) prepared a gene 
encoding for a hybrid protein of the putative signal peptide 
of pafcafcin fused to ^-glucuronidase . When tee gene wee cloned 
and expressed in plant cells, it was found teat the pafcafcin 
was cleaved from fche resulting protein, and the 0- 
gluepronidase was expressed. Again, however, tee total level 
of ^glucuronidase was wry low compared to 




The use of < 
consisting of a signal peptide ; 
protein tor the purpose of 
plant cells. However 

satisfactory, because they do not achieve high 
levels and,- in fact, decrease the expression level of the 
desired proteins. Accordingly, the need exists for effective 
signal peptide sequences which can maintain or enhance high 
expression levels of desired proteins in plant cells, 



The present invention relates to a process of 
transporting a desired protein to the endoplasmic reticulum of 
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plant cells for secretion, This process utilises a m& 
molecule encoding for a hybrid protein which includes a first 
protein containing a signal peptide, as described below, which 
was derived from the putative published sequence for the 
vicilin signal peptide, or its hoaolog®, or any fragments 
thereof fused to a second protein which confers an 
extracellular protective or other desired effect, in plant 
cells. For example, the second protein :may toe a protein or 
fragment thereof which, imparts bacterial, fungal, or freeze 
resistance outside the cell walls of plant cells transformed 
with an expression system in which that DNA molecule is 
cloned. 

The DMA molecule encoding the hybrid protein of the 
present, invention may be cloned into an expression vector 
{«,g, ? a plasmid) to form a recombinant DH& expression system* 
This system is then transfected into plant cells. The plant 
ceils of the present invention are tbe« transformed and grown 
in a suitable medium to increase the number of such 
transformed cells. The transformed cells thus express the DMA 
encoding the hybrid protein of the present invention, The 
hybrid protein includes the signal peptide described below, 
its hoaologs, or any fragment thereof which directs transport 
of the second protein into the endoplasmic reticulum. The 
signal peptide is cleaved Off upon entry into the rough 
endoplasmic reticulum. The second protein, which is the 
protein of interest, is further modified in the endoplasmic 
reticulum lumen or in the Golgi complex and then secreted 
outside the plant cell or otherwise transported within the 
cell, toy plant cell transformed with this recombinant DMA 
expression system may then secrete the. desired protein.. This 
system can foe used to secrete proteins which will condition 
resistance to bacteria, fungi, or frost, or will affect plant 
cell, wails or function as markers or tags or color factors. 
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Figure i& shows the oligodeoryribonuoleotide signal 
sequence for the hybrid gene of the present invention. 

Figure IB shows the 5 f end of the hybrid gene 
encoding for the signal peptide and ^-glucuronidase , and the 
corresponding ammo acids. 

Figure 2& is a graph showing the ^-glucuronidase 
activity for transformed leaf cells of transgenic tobacco 
plants. 

Figure 2B is a graph showing the ^-glucuronidase 
activity for transformed root cells of transgenic tobacco 
plants. 

Figure 3A shows a chart of the distribution of 
transient ^-glucuronidase activity in transformed tobacco 
protoplasts in the absence of tnnieamycin. 

Figure 3B shows a chart of the distribution of 
transient ^-glucuronidase activity in transformed tobacco 
protoplasts in the presence of tunicamycin* 

Figure 4 is a chart showing the total transient 0*~ 
glucuronidase activity (pooled from all fractions) in 
transformed protoplasts in the presence of tunicamyein. 




transporting proteins to the endoplasmic reticulum of plant 
cells tor secretion or other targeting within the cell. This 
process utilizes a »¥A molecule encoding a hybrid protein, 
The hybrid protein includes a first part of the protein which 
contains a signal peptide derived from a putative sequence for 
the vicilin protein f its homoXogs, or any fragments thereof. 
This first protein is fused to a second protein which confers 
an extracellular protective effect in plant calls or any other 
desired effect such as for marking, color, cell wall 
modification, etc. 

The , < ' t , its homologs, or fragments 
thereof is present to enable the hybrid, protein to enter the 
cell's: transport pathway via the endoplasmic reticulum. Dpon 
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entry into the lumen, the signal peptide is cleaved from the 
second protein in the same fashion as the vicilin signal 
peptide would be separated from the vieilin protein to which 
it is fused in nature. The second protein can then fee 
processed in the Golgi complex or in the endoplasmic reticulum 
lumen for extracellular secretion or transport within the 
ceil, 

Preferably,, the DMA molecule of the present 
invention encodes for an amino acid signal sequence 
substantially corresponding to the sequence? 

Hat Leu Leu Ala lie Ala Phe Leu Ala Ser Val Cys Val Ser Ser, 

0«Wx Lycett, A, J, Delanney, J. A, Gatehouse, j, 
Ciiroy, H»R,D« Croy, and D. Boulter, "The Gene Incoming 
Vicilin Gene Family of Pea (Plsnm Sativum LQ ; A Complete 
ct>HA Coding Sequence for Preprogene Encoding ViciM». f * 11 
M^MM^MMm^MM^ {1.983} predicts this putative 

signal peptide sequence from the cDHA sequence for a 4? km 
prspro-vicilln polypeptide, hut does not disclose a specific 
gene encoding for this amino acid sequence. The accuracy of 
this amino acid sequence prediction is questionable. 
Moreover, the initial ssethione predicted fey Lycett, et al. 
may, in fact, not foe the true N- terminus of the peptide tut 
may represent the truncation of the natural signal peptide, 
in any event, .based on the amino acid sequence disclosed toy 
Lycett, a synthetic DMA sequence encoding for that signal 
sequence has been prepared as follows 3 

ATG T1A TTA GOT ATT &CA VST TTA GCA TCA GTT TQT GTT TCA f AC 
ATT AAT CGA TAA CGT AAA AAT CGT AST CAA ACA CAA AST* 

The second protein is a protein or fragment thereof 
which imparts a resistance to bacteria, fungi, or freezing or 
any other desired effect. The synthetic sequence derived from 
the Mm® vicilin signal peptide is effective in producing a 
hybrid protein which includes and carries a second protein 
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into the cell transport path. As a result the resistance 
provided by the. second protein is i^arted to plants 
extracellular ly (i.e. outside the cell wall, particularly to 
extracellular surfaces of the plant cell walls) . 

Examples of proteins which may impart extracellular 
bacterial resistance to plants include lytic proteins. See, 
e.g. L* Des tef ano~Beltran , "Enhancing Bacterial and Fungal 
Disease Resistance in Plants? Application to Potato, 
SgXfj^^^ p. 2ss~2i f which is 

hereby incorporated by reference. 

Examples of proteins which may impart ert race X iuiar 
fungal resistance to plants include chitinases and glucanases, 
See, e.g. r G. Castresana, M< S*issue~Specif ic and 
Pathogen-Induced Regulation of a tfieotiane p.2 umbagis&tX&lim 
i,3~Glucanase Gene," 2 The Plant Cell. 1131-4 3 (1990)? 
3. Neuhaus, "High-level Expression of a Tobacco Chltanase Gene 
in Nicotians sylir&stris. susceptibility of Transgenic Plants 
to C&rGaspor& JTicotianae Infection/' IS Eignt.MgleCv^Bi^^. 
141-51 (l$9i) ? and L. Destef ano-Beltxan , "Enhancing Bacterial 
and fungal Disease Resistance in Plants: Application t© 
Potato/* Moiecnlar Bioioav of the Potato, p. 3i>;$~2l (1990), 
ail of which are hereby incorporated by reference. 

Examples of proteins which may impart extracellular 
antifreering capability in plants include numerous fish 
antifreeze peptides. See, e.g.,. P.L. Davies, "Antifreeze 
Protein Senas of the Winter Flounder/' 259 J . Biol. Chaa,. 
9241-47 (1984), which is hereby incorporated by reference. 

f fhe second protein nay include polygalacturonase, 
^-glucuronidase , other marker proteins, and their homologs, 
fragments, or portions thereof, of these proteins, 
^glucuronidase primarily serves as an example. The gene 
encoding for >- glucuronidase is a widely used marker gene 
having a well known sequence and known to be useful in forming 
^-terminal fusions. See, e.g.,, R.A. Jefferson, "Assaying 
Chimeric Genes in Plants: The GOS Gene Fusion System, n S 
mm^..m^M^MrBm^m..3m^^. f 387-405 (1987) and 
B.A, Jefferson, ''^-Glucuronidase from Escherichia cell as a 
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S3 ZEflaJiLja4 x Sci . , 8447-S1 {ibbs} f 

both of which are hereby incorporated .by reference . The 
hybrid gene encoding for a hybrid protein containing 
^-glucuronidase and the amino acid which that gene encodes is 
shown in Figure IB* 

The polypeptide formed from the fusion of the first 
protein to the second protein is a hybrid in that the first 
and second proteins are not normally joined in nature. 
Likewise, the corresponding portions of the DNA molecule 
encoding each of these proteins mates the DMA molecule a 
hybrid. 

The portion of the DH& molecule encoding the first 
protein is fused in proper orientation and correct reading 
frame to that part of the BHA Molecule encoding the second 
protein. In Figure IB, a linker sequence connects these 
portions of the D8A molecule, 

1?he expression vector into which this fusion ®m 
molecule is inserted includes a promoter sequence which 
functions to regulate polypeptide expression. A wide variety 
of promoters may be utilised, such as the 35S promoter of 
cauliflower mosaic virus. 

The urn molecule encoding for the hybrid protein of 
the present invention is inserted into an expression system to 
which the DHA molecule is heterologous not normally 

present) . The heterologous DMA molecule is inserted into the 
expression system or vector in proper orientation and correct 
reading frame, Although a wide variety of expression systems 
can he utilised, the use of plasmids is particularly 
desirable, suitable plasuids include pBI42€ and pHomiS, 
preferably pMOmiS* 

The expression system of the present invention can 
be used to transform virtually any crop plant cell under 
suitable conditions* Such ceils are transformed with the Dim 
molecule of the present invention by conventional procedures. 
Cells transformed in accordance with the present invention can 
he grown in vitro in a suitable medium to produce the desired 
second. protein. This protein can then be harvested or 
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recovered fey conventional purification techniques. 
Alternatively, transformed cells can be regenerated into whole 
plants such that secreted proteins impart desired 
characteristics to the intact plaints. 

Regardless of whether the mA molecule of the 
present invention is expressed in intact plants or in culture, 
expression of the desired protein follows essentially the same 
basic mechanism. Specifically, transcription of the DNA 
molecule is initiated by the binding of RNA polymerase to the 
BJOl molecule/ s promoter. During transcription, movement of 
the m& polymerase along the DMA molecole forms messenger 
As a resxat, the Dim molecule that encodes for the hybrid 
protein of the present invention is transcribed into the 
corresponding messenger SUA. This messenger KNA then moves to 
the ribosomes of the rough endoplasmic reticulum which, with 
transfer SKA, translates the messenger mh. into the hybrid 
protein of the present invention* During translation of the 
messenger KHA f the resulting; hybrid protein passes into the 
lumen of the rough endoplasmic reticulum. After the signal 
seguence (i.e., the first protein, its homolog, or a fragment 
thereof) is cleaved at the site shown in Figure IB, the second 
protein haying the ability to confer desired effects will 
continue to advance into the lumen in an unftused state, This 
protein is then modified by giyeosylation in the lumen or in 
Golgi complex. The modified protein is then secreted toy the 
dolgi complex to a location outside the host cell or is 
transported within the cell to a specific site. 




Secretion of p'-clueuronMase 

S s s | a s j ■ o e s o r component o ligo no < * 

(Figure 1A| coding for the H-termimus of the hybrid gene (DMA) 
encoding a signal peptide derived from the putative vicilin 
signal peptide and ^-glucuronidase (Figure IB) were prepared 
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by the following procedure. The oligod^xyrifeonucleatidas #1- 
#4 (Figure 1A) used to assemble the signal, peptide sequence of 
Pisaat vicili£(s) were synthesized using a conventional BHA 
synthesizer. The oligodeoxyrifeonucleotides #2 and. #3 were 
phosphorylatcd by BRL T4 polynucleotide kinase. Complementary 
oligodeo^ribonucleotides of each segment were then annealed 
fey combining 0.2 nmole of each; ana incubating the mixture at 
90 *.C for 10 minutes, at 65 »c for 2 hours, and at room 
temperature (i.e., 32»C) overnight. The entire signal peptide 
sequence, with a s f terminal EpnX site and a 3' terminal blunt 
end, was assembled from the two annealed segments (0.2 msoXs 
each) using standard ligation procedures. The resulting DMA 
fragment was then purified from a polyacrylamide gel and used 
for construction of plant $~giucuronidase~secration vector 
through a multiple-step procedure * The gene encoding 
iS^giUcnronidaee was excised frtm the plasaid pBXlol.3 
(Clontech Laboratories, inc.) with Hinaxxx+Sstx , and llgated 
into the vector pU€118. See, J. Vleira and J, Messing, 
«*Brodiidtion of Single-stranded Plasmid DMA, M 153 Methods 
mmml 3-H (imn , which is hereby incorporated toy , 
reference, that had been cut with Iti&<$XXX+s&tl* In order 
properly to fuse the synthesized signal peptide-eneoding 
nucleotide sequence to the K-terain«« of the gene encoding 
^-glucuronidase, a i?pnx linker {S'-GGGTACCC} and a HindJXJ 
linker (S'CCMSCTTGS) were inserted into the unique HimSXXX 
and Sm&X sites upstream of the gene encoding 0 -glucuronidase 
in the resulting puC218~p~gluGux-cmi<$iis<i> in the resulting 
paCiU"0~gluGur0a±das& plasmid. The purified signal peptide 
fragment was then fused in-frame to the N~ter»i»as of the gene 
encoding ^-glucuronidase to form pacil8-fi~gXt3curGni.<$.asei , by 
replacing the KpnX-HindXXX multi-cloning fragment of the 
modified p&allB-$~glncuronidas& with the assembled signal 
pept ide~ eneod ing t r agmeut . 

The fusion region of the hybrid gene in 
p&C218~@~g-luGixrani<SaiS&l (Figure l) was sequenced fey the 
dideoxy chain-termination method of F. Sanger, s. Hidden, and 
A.R. Coulson, "USA Sequencing with Chain-terminating 



wo mm m i 



PCI7 13893/131494 



Inhibitors, « 74 Proe. Natl. Acad, \ ■ 5463-6? {1977} f the 
disclosure of which is hereby incorporated fey reference, using 
the universal MX 3 primer. Finally, the KpxX-MaoRX fragment 
coding for the signal, peptide /^glucuronidase fusion was 
isolated from pBGllS~8-&luctzronteas*l and cloned into the 
plant expression vector pMQM31£* See, S.G* Rogers, H*.tf. Ilea, 
Jt.B. Horseh, and r.t. Fr&ley, *Xs&preved Vectors for Plant 
Transformations Expression Cassette Vectors and Mew 
Selectable Markers/' 5 153 Methods .Rngyrool 2 S3-?? (198?) , 
previously digested with KpnX+EwBX* The resulting plasmid 
was designated pMON3l6-0~glucuronMa^l~l, Fiasmid 
pmmi6~0~glvtcur0n&da&®1^2 was. similarly constructed, 
according to the above-described procedures in an independent 
cloning experiment. The ^-glueuronidase-eneoding sequence, 
without the signal peptide, was closed into pMomis in both 
orientations to generate positive {j$mN318~0~glucuronldaM&- 
and negative (pMON3X6~&"glucar&3it&as® (~) ) controls f or 
egression of the gene encoding for ^-glucuronidase , 

The fusion gene was then placed under the 3SS 
of cauliflower mosaic virus in a plant expression 
and introduced into tobacco protoplasts for transient 
id into tobacco leaf dises/HTi cells for stable 
ation, using conventional recombinant technology 



Leaf discs from in vitro grown plantiets were 
transformed using an improved hiolistie device of g,n. Ye, 
K. Daniel! , and j.c. Sanford, "Optimisation of Delivery of 
Foreign. Gene into Higher Plant ChloropXasts , » IS Plant Mo 1, 
Biol, 809-19 (19m) , which is hereby incorporated by 
reference,, ari trar w re selected on kanamycin medium 

following two days of .incubation on non-selective medium. 
Transgenic plants from leaf oxscs were t J iroa shoots 

after transfer to a hormone-free tobacco medium. 20 m 
tunicaiaycln per ml was added to the culture medium to inhibit 
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gXyeosyl&tion of -the fusion ^-glucuronidase. Leaf or root 
extracts were prepared by grinding in the extraction buffer 
(50 MM >2>ris~Hei, pH 7.5/0.15 mg phenylsaethylsulfonyl 
fieorida/0,3 mg dithiothraitol/o.3 mg bovine serum albumin, 
all per mi) and removing the cell debris by eentrifugation. 
The ^glucuronidase fluorometric *asay, described by 
tf.H. Gould and r.h. smith *»A Mon-destructive Assay for 
^-glucuronidase in the Media of Plant Tissue Cultures ,« ? 

Mmt mi, tolt,,,MSb. 203-16 {1989} , which disclosure is 

hereby incorporated by reference, was modified and used to 
measure enssymatic activity of ^-glucuronidase in leaves 
•{Figure 2A) or roots {Figure 2B) of transgenic plants. 2 pi 
samples were added to so pi of 4~methylumbelliferyl 
giucuronide (MJG) assay solution, and the mixtures' were 
incubated at :3?°C for 1 hour before stopping the reactions 
with SO fl of stop buffer. I ftl of each stopped reaction 
sdxture was assayed in l ml of stop buffer using a mh 
Fiuorometar (Model TKO 3.00, Moefer Scientific Instruments, San 
Francisco) . ^-glucuronidase activity was expressed as 
picomoles of 4~methyluT®belliferone liberated per mim per ftq of 
total proteins. The results were from three independent 
experiments with each extract prepared from either leaves 
{Figure 2 A) or roots (Figure 2B) of transgenic plants. In 
Figures 2& and 28, SUS(-) and GUS{+) represent the plants 
transformed with pttON3l6~0-glvcmx>ni<ta8e(-) and 
pMOmiS~$~glucurani<3as&(+) , respectively, while SOSi-l and 
sgsi-a represent plants transformed with the similar 
vicilin(s) signal peptide/^giueuronidasa-eneoding constructs 
Ptt0mi0~$~$iu<nxroni#ass&l-1 and pHomie-^luauronid&s^ 1-2 . 

Almost no ^-glucuronidase activity was detected in 
leaves (Fig. 2A} or roots (Fig; 28} of transgenic plants 
containing the fusion gene encoding for signal 
peptide/^gloeuronidase (&mmi$~&~glucvro}iMas®l~2 or 

It ~$~gli ^ii.foni<S&s&2"-2) f whereas the normal level of 
^-glucuronidase activity was observed in the positive control 
plants transformed *it& ■p^31$~~@™$lucur0ni8as®i+y « In the 
same experiments, no /? -glucuronidase activity was found in the 
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.negative, control plants transformed with the construct, of an 
anti-sense .d~giacaronida se. gens fi>e, 

pMOmi6~~0™$lucu?oxiida$®{™}}, Since the fusion region of the 
hybrid gen® encoding for jS-glucuronida* 
conf irmed to fas correct,- the absence of jS~glu 
activity in the plants containing the fusion gene must foe 
attributed to the interference of gen© expression by the 
addition of the signal peptide sequence. Alternatively,, the 
gene fusion or post-transXational modification of the fusion 
protein in the transport pathway could cause lose of 
^-glucuronidase activity . 

Xnaetivation of the ^-glucuronidase smyme hy the 
gene fusion was unlikely since ^-glucuronidase had been shown 
to be retnarhahly tolerant to ^'-terminal modification, See 

Jefferson^ "Assaying Chimeric €enes in Plants s the 
^glucuronidase Sens Fusion System," S Plant Moi, Biol.. . R*p ... 
387-405 (1987)1 G. Iturriaga,. Jefferson, and MM* Bevan> 

^Endoplasmic Reticulum Targeting and slycosylation of Hybrid 
Proteins in Transgenic Tofc&cc©,.* 1 Plant Cell 381-90 {1989) 
{"Xturriaga") ; and J* Denacke, «T» Bottarman, and R. Beblaere f 
»tot#in Secretion in Plant Galls can Occur via a Default 
2 Zlm&Sm, 51-59 mm , which are hereby 
by reference. To test this possibility, 
i were carried out in which the transforjsants were 
treated with tunicamycin, an inhibitor of glycosylation. 
^-glucuronidase activity increased significantly, two days 
after tunicamycin treatment,, in the tobacco containing the 
hybrid vm. molecule of the present invention, while the 
^-glucuronidase activity of the positive control plants 
expressing the ^-glucuronidase encoding gene was not 
significantly affected by tunicamycin (Fig. SB) . negative 
controls were unaffected by tunicamycin* Shis* together with 
the similar report in Iturriaga, provides strong evidence that 
the signal peptide efficiently directed 0 -glucuronidase to the 
rough a* ad that Lation 
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Protoplasts were prepared from leaves derived from 
of s, tmba<wm- var ffava&a cv 423 grown In vitro at. 
low light intensity, generally as described toy J.I. H«gy ami 
P, Maliga, *» Callus Induction and Plant Regeneration free 
Kesopfeyll Protoplasts of El og.t.iana Syivestrls r » 78 
l^Jlllaasei^hxsto 4 S3 -55 (1976) , which disclosure- is haretoy 
incorporated by reference, with some modifications, Briefly, 
the sliced leaves were digested in an isolation mediae 
containing 1,35% Celiulasa Rio and 0,4% Macerosyjas RIO (Karlan 
chemical Corporation, Torrance, CA) at £6*c overnight. Pebris 
was removed by filtering the mixture through a SB am mesh and 
the protoplasts were then collected at the surface of the 
isolation medium after a spin at XOOxg for S minutes. The 
protoplasts were rasuspended in the isolation medium, and 1 ml 
of m solution, as described toy x . ^egrutiu, R. Shillito, 
X, PotryJeut*, G* Siasini, and F» Sale, ^Hybrid Genes in the 
Analysis of transformation conditions, » 8 plant Hoi. Biol , 
353-73 <1§S?) (^egrutia«), which is hereby incorporated toy 
reference,, was layered on top of 1 
Mter eentrifugation at lOOxg for 5 j 
at the interface were transferred to new tubes and washed with 
m solution. The isolated protoplasts were transformed with 
the plasmid constructs described above using the polyethylene 
glycol method of Hegrutiu, The transformed protoplasts were 
then cultured at the final density of 1x10* protoplasts/ml in 
the culture medium (containing 20 pg tunieaeyoin/ml where 
indicated} at 26 »C in the dark, The transformed tobacco 
protoplasts were fractionated into extracellular, cytoplasmic 
and membrane-associated fractions about SD hours after the 
polyethylene g 1 yco 1 -mediated transformation. The 
extracellular fraction (the culture medium) was collected as . 
supernatant from the protoplast cultures following 
osntrifugation at lOQxg for S minutes. The pelleted 
protoplasts were washed once in ws solution and lysed toy 
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>smotic sfcock in a» appropriate volume of extraction buffer 
(50 sSM Tris-HCX pH ? x 5/0 * "IS sag phony teathylsulfonyl 
fluoride/ 0,3 mg dithlothreitol/G-3 mg bovine serum albumin, 
all par ml) , The cytoplasmic fraction was recovered as 
supernatant following eentrifugatioa at IS.OSOxg at 4«C for 5 
minutes , The pellet was washed once in extraction buffer, ami 
resuspendad and sonicated in the same .buffer with 0.1% Triton 
X-100. The membrane-associated fraction was then obtained as 
supernatant after removal of residual cell debris, 

jS-glucuron idese f inorometric assay was conducted to 
measure enzymatic activity of ^-glucuronidase in different 
fractions of transformed protoplasts. The results of this 
assay are plotted in Figures 3A and 3B where Ex, c f and M 
refer to the extracellular, cytoplasmic, and membrane- 
associated fractions, respectively. 

In the absence of tunicamycin, no ^glucuronidase 
activity was detected in either extracellular or membrane- 
associated fractions of the protoplasts expressing the gene 
encoding for ^-glucuronidase or the hybrid thereof (Fig,: ZK) * 
However, after tunicaaycin treatment, a significant amount of 
^glucuronidase activity was observed in the extracellular and 
membrane fractions of the protoplasts transformed with the 
hybrid gene but not those transformed with the gene encoding 
^-glucuronidase (Fig, 38} . These results suggest that some of 
the hybrid ^-glucuronidase enzyme was directed to the rough 
endoplasmic reticulum, glycosylated in the lumen of the rough 
endoplasmic reticulum, and secreted from the protoplasts* 
Secretion of {$ -glucuronidase enssyme fused to the signal 
peptide of pisvm vlcUJLn{s) (which normally directs protein 
deposition into protein bodies) supports previous studies 
showing that secretion can occur via a » default pathway , " as 
disclosed by R. Bassuner, Hutb, E. Manteuffel, and 

Eapoporf , ""Secretion of Plant Storage Globulin 
Polypeptides by X&nopus* L *m i s ,"13 L i 
3.21-26 {1983} ? M.M. Bustes, Y.K* jLnolcow, L»Sl» Griff ing, 
MxP< Summers, and T.C. Hall, "Expression, Giycosylation, and 
secretion and Phasaolin in a Baculovirus System, ,s 10 Plant 
Mol, Biol, 475-88 {1988}? 31 Seneoke, J, Botterman, and 
i« Debiaere, ''Protein Secretion in Plant cells can occur via a 
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Default: Pathway," 2 Plant Cell 51-59 (1S90) («Denecke«) , which 
are. hereby incorporated fey reference. That is, proteins 
migrate nonspecif ically from the lunen of the rough 
endoplasmic reticulum via the Golgi complex to outer cell 
surfaces unless they contain signals for directed transport to 
ether call compartments* Since only a small proportion (-20%) 
of glucuronidase ensyme produced in the transformed 
protoplasts was transported Into the extracellular medium, 
most of the rough endoplasmic reticuXum-procsssed 
^-glucuronidase ensyme may ba^a been transported 
intraeelXuXariy to be deposited in membrane-bound vesicles. 
This is supported by the observed increase in cytoplasmic 
^-glucuronidase activity of the protoplasts producing the 
hybrid ^-glucuronidase after tunicamycin treatment (Fig. 3) * 
Alternatively, inefficient secretion may reflect a structural 
restriction of the ^-glucuronidase wizytm, limiting its 
transport via the secretory pathway, as described by Danacke. 

in contrast to the results from transgenic tobacco 
plants (Fig, 2), a comparable amount of ^glucuronidase 
activity was found in the cytoplasmic fractions of tobacco 
protoplasts transiently expressing either the gene encoding 
for ^-glucuronidase or the hybrid ^-glucuronidase thereof 
whether or not tunicamycin was present (Fig, 3), similar 
results were obtained with most transgenic Martian* tahmmm 
cells when stained with the ^-glucuronidase substrate mixture. 
The apparent difference between levels of ^-glucuronidase 
activity in leaf or root cytoplasm versus callus or protoplast 
cytoplasm can beet be explained by the very high levels of 
expression of the gene encoding for $ -glucuronidase found in 
the latter two cell types, At very high expression levels, 
the transport system appears to become saturated or partially 
blocked, resulting in accumulation of ^-glucuronidase in the 
cytoplasm. For example f the protoplasts transiently 
expressing the hybrid gene produced 10-30 fold more 
^-glucuronidase protein (Fig, 4} than the transgenic plants 
containing the sasse construct (fig, 2) > 
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We haw also observed that total .^-glucuronidase 
activity in the hybrid gene transformants is substantially 
greater than the- positive control gene encoding 
^glucuronidase trans feasants after treatment with tanieaxsycin 
(Fig. 4} * mis was determined fey transforming 2x10* ' 
protoplasts with 40 jig of DMA of respective constructs as 
described in Example 3, This data was inconsistent with that 
reported by S.J. Rotusfein, C*M. Lazarus., w.E. Smith, D.C, 
Banieosabe, A. A. Gatenby, "Secretion of a Wheat Alpha-aaaylas© 
Expressed in Yeast, " 308 nature 063-65 (1984) and Deaecke, 
which showed that their signal peptides dramatically reduced 
synthesis of hybrid proteins. $hese different findings »ay 
result f ori8 the use of different signal peptides , which could 
affect the synthesis of the attached proteins negatively or 
positively. It is conceivable that the nucleotide sequence 
and codon usage at the ^-terminus of a protein have a strong 
influence on transcription and translation efficiency, 
respectively, This data indicates that the signal peptide 
used in this study allocs higher levels of expression of 
passenger proteins — a significant improvement over prior art 
efforts utilising a signal peptide sequence to transport an 
attached heterologous protein into the endoplasmic reticulum 



in i 

for the purpose of illustration, it is understood that such 
detail is solely for that purpose, and variations can be made 
therein by those skilled in the art without departing from the 
spirit and scope of the invention which is defined by the 
following eiaiias. 
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A IMA: a»oi«cuie encoding for a hybrid protein 
first protein comprised of a signal, peptide 

i vicilin signal peptide, its Homology, 
or a fragment thereof fused to a second protein which confers 
an extracellular protective effect or another desired effect 
to plant cells, 

2» A ©HA molecule according to claim 1, wherein 
said second protein is selected from the group consisting of 
proteins, their homo logs, or fragment s thereof which impart 
bacterial, fungal, insect, and freese resistance to 
extracellular surfaces of plant cells, which modify cell 
walls , or are otherwise useful. 

3, A DMA molecule according to claim 2, wherein 
said second protein is selected from the group consisting of 

► inhibitors, inseet~*spaei£ic 
lytic peptides, 
polygalacturonidase, and fragments or portions thereof, 

4., A DMA molecule according to claim 2, wherein 
said second protein is ^-glucuronidase, a homo log, fragment, 
or portion thereof, or a similar marker or color protein, 

§. A DHA molecule according to claim £, wherein 
said DMA ssolecule encodes for an amino acid signal sequence 
substantially comprising the sequence; 

Met Leu Leu Ala He Ala She Leu Ala Ser Yal eye Val Ser Ser, 

6, A DMA molecule according to claim 5, wherein 
said DMA molecule has a sequence substantially corresponding 
to the nucleotide sequence ; 

ATS TTA OTA OCT ATT <3€A TTT TSh <3C& TGA GTT TGT GTT TCA TCA 
TAC AAT AAT CGh TAA COT AAA AAT CGT ACT CAA ACA CAA AST AGT , 



7, A recombinant DF re ?ste« comprising 

an expression vector into which is inserted a heterologous DMA 
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molecule, encoding for a hybrid protein comprising a first 
protein comprised of a signal peptide derived from a vicilin 
signal peptide, its homolog, or a fragment thereof fused to a 
second protein which confers an extracellular protective 
effect or another desired effect to plant cells, 

8, A recombinant DM expression system according 
to claim 7, wherein said heterologous DMA is inserted into 
said vector in j 

9, & : 

to claim 7* wherein said second protein is selected from the 
group consisting of proteins, their homologs, or fragments 
thereof which impart bacterial, fungal, insect, and freeze 
resistance to extracellular surfaces of plant cells, which 
modify cell walls, or are otherwise useful. 

10. A recombinant DMA expression system according 
to claim ? f wherein said second protein is $~giu 
homolog? or a 
or color protein. 

11. A recombinant 
the DMA molecule of claim S. 

12. A recombinant 
the BNA molecule of claim 6. 

13, A cell transformed with the recombinant DMA 
expression vector of claim 7* 

14, A cell transformed with a recombinant DHA 
expression vector containing the DHA molecule according to 
claim S, 

15. A cell transformed with a recombinant DMA 
expression vector containing the DHA molecule according to 
claim 6, 

IS. A hybrid protein comprising a first protein 
comprised of a signal peptide derived from a vicilin signal 
peptide, its homo log, or a fragment thereof fused to a second 
protein which confers an extracellular protective effect or 
another desired effect in plant calls, 

17, A hybrid protein according to claim 16, -wherein 
said second protein is selected from the group consisting of 
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proteins, or fragments thereof , which impart bacterial, 
fungal, insect, and freesse resistance to extracellular 
surfaces of plant cells, which modify call walls, or are 



IS. A hybrid protein according to claim 17, wherein 
said second protein is ^-glucuronidase, a homolog or a 
fragment thereof, or a similar marker or color protein, 

it* & hybrid protein according to claim 16, wherein 
said first protein is encoded by a gene encoding for an amino 
acid signal sequence substantially comprising the sequence j 

Met Lea hau Mi lie Ala m* hm Ma Ser Val Cys Val Ser Ser* 

20. A process of producing a recombinant hybrid 



growing host cells transformed with a 
recomtoinant 0» expression vector comprising an expression 
system into which is inserted a heterologous DN& molecule 
encoding a hybrid protein comprising a signal peptide derived 
from a vieilin signal seguence, its homolog, or a fragment 
thereof fused to a second protein having an extracellular 
protective effect or another desired effect in plant cells and 

expressing the heterologous BH& molecule in 
said host ceils to produce the hybrid protein. 

21. A process according to claim 20 further 

harvesting the hybrid protein produced by said 

22, A process according to claim .20 further 

passing the hybrid protein produced by said 
expressing into the endoplasmic reticulum of the host cell, 
wherein the signal peptide is cleaved from the hybrid protein 
during said passing; 

conveying the second protein having an 
extracellular protective effect or any other desired effect in 
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to the Goigi complex of the host call,, wherein the 
second protein is modified by glycosylate ; and 



Golgi complex to a location extracellular to the host cell or 
otherwise transporting the second protein within the cell, 

S3. & process according to claim 20, wherein said 



substantially comprising the sequences 

Met Leu Leu Ala lie Ala Phe Leu Ala Ser VaX Cys Vai 



ATG TTA TTA OCT MtT OCA W TTA SCA TCA GTT TGT GTT TCA TCA 
TAC AAT AAT CSA TAA CGT AAA AAT CGT ACT CAA ACA CM AGT AST* 

25, A cellular transport process comprising? 
directing a protein into the endoplasmic 

reticulum, of a plant cell with a signal peptide derived fro® '< 
vicilia signal peptide, its homoXog, or a fragment hereof. 

26, A hybrid fusion gene encoding for a signal 
peptide sequence derived from a vic.il in signal peptide fused 
to another protein, 

27* A hybrid fusion protein comprising a signal 

from a vicilin signal peptide fused 

protein. 
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